The relationship between light-saturated photosynthetic capacity (P max ) and leaf nitrogen (N) content was investigated for one year in a 15-year-old Chamaecyparis obtusa canopy and was compared with a Cryptomeria japonica canopy previously described. The linear regression between P max and leaf N content tended to converge toward a single line segment from July to January and in May for C. obtusa. The slope of the linear regression between P max and leaf N content of C. obtusa was gentler than that of C. japonica. The smaller regression coefficient of C. obtusa may reflect species differences in nitrogen nutrition requirements between C. obtusa and C. japonica. A pronounced decrease in the slope of the linear regression lines due to low temperature was observed in February and March. During this period, P max of C. obtusa declined more than that of C. japonica suggesting that C. obtusa is less tolerant to low temperatures than C. japonica.
--
The Hinoki cypress [Chamaecyparis obtusa (Sieb. et Zucc.) Endl.] is a common plantation species that has become a symbol of Japanese traditional culture, together with the Japanese cedar (Cryptomeria japonica D. Don). C. obtusa and C. japonica have geographically similar natural distributions, and the planting area of the two species accounts for 65% of the total plantation area in Japan (C. obtusa 25%, C. japonica 40%). Recently, carbon dioxide (CO 2 ) absorption by these plantations has received attention from the standpoint of carbon sequestration and climate-change mitigation (e.g., Cannell 1999 , Jandl et al. 2007 .
The light-saturated photosynthetic capacity (P max ) is positively correlated with leaf nitrogen (N) content in many plant species (Field and Mooney 1986) . Using the P max -N relationship, the amount of CO 2 absorption has been calculated based on the leaf N content in many plant canopies (e.g., Hirose and Werger 1987, Hollinger 1996) including C. japonica (Kobayashi 2010) . However, less information is available on photosynthetic traits for C. obtusa than for C. japonica, including the P max -N relationship and temperature dependency. In this study, we measured the P max -N relationship in a C. obtusa canopy over the course of a year and compared the results with the data for C. japonica, which we had described previously .
Measurements were made in the Fukuoka Research Forest, a Kyushu University Forest located in Fukuoka, southwest Japan (33°38'N, 130°31'E, 79 m a.s.l.). The climatic zone of this area is warm-temperate. According to the annual report of the Kyushu University Forests for the study period from 2000 to 2001, the mean annual air temperature and annual precipitation were 15. 8°C and 1,250 mm in 2000, and 15.7°C and 1,730 mm in 2001, respectively (Fig. 1A) .
A 15-year-old stand of C. obtusa, planted at a density of 3,000 trees per ha, was used in this study. Three neighboring trees of typical height and diameter were ---used for the measurements (n = 3). The canopy was closed, and the mean tree height was 9.6 m and the height of the lowest living branch was 3.3 m. The mean diameter at breast height was 14 cm. Scaffolding was erected to provide access to the canopy. The tree canopies were divided into six layers at equal intervals from the top to the bottom. Three primary branches diverging from the trunk were selected from the three trees (one branch per tree) in each canopy layer. All primary branches were selected from the southern side of the canopy.
The light-saturated rate of photosynthesis of thirdorder leaves (i.e., 0-to 1-year-old leaves) was measured intact at the tip of each primary branch using a portable open gas-exchange system (LCA-4, ADC BioScientific, Hoddesdon, UK). Leaves in each canopy layer were measured monthly from June 2000 to May 2001. Measurements were performed between 08:00 h and 11:00 h with a photosynthetic photon flux density (PPFD) (400 to 700 nm) over 1,400 μmol m -2 s -1 and at ambient CO 2 concentration (334 to 382 ppm), air temperature (15 to 38°C), and relative humidity (21 to 64%) on clear days. Stems and branches in the upper portion of the canopy were moved aside to provide sufficient light in the lower portion of the canopy. After the gas-exchange measurements, each leaf was excised from its branch, and the projected area, dry mass, and N concentration were determined. Leaves were placed horizontally on a flatbed image scanner (GT-5500, Epson, Suwa, Japan), and their projected area was measured. The dry mass of each leaf was measured after drying at 65C for 48 h. The leaf dry mass was divided by the leaf-projected area to obtain the leaf mass per area [g m ]. The PPFD was measured within a week after the gasexchange measurement with a level quantum sensor (LI-190SA, Li-Cor, Lincoln, USA) and recorded with a Li-Cor data logger (LI-1400). The relative PPFD was calculated against a reference PPFD measured simultaneously above the canopy. Measurements were taken between 10:00 h and 14:00 h under an overcast sky.
A two-way analysis of variance (ANOVA) was used to test the effects of spatial (canopy layer) and temporal (sampling date) variations on P max and the leaf N content. Linear regression was performed with P max as a dependent variable against the leaf N content. Differences in the slope and y-intercept of the linear regression between sampling dates and between species were tested by an analysis of covariance (ANCOVA). All tests of significance were set at P<0.05. Statistical analyses were carried out using the STATISTICA 5.0J computer software package (StatSoft, Tulsa, USA).
The relative PPFD (R-PPFD) in a C. obtusa canopy decreased from June to October, then remained steady thereafter in each canopy layer (Fig. 1B) . This seasonal The P max and leaf N content differed significantly between canopy layers (P max :F = 41.3, P<0.001; leaf N: F = 10.6, P<0.001). Both P max and leaf N content decreased with increasing depth from the top of the canopy (Figs. 1C,D) and were significantly correlated with R-PPFD on each sampling date (P max : r = 0.519 to 0.949; leaf N content: r = 0.777 to 0.961). As a consequence, a significant correlation was observed between P max and leaf N content on each sampling date except in March (Fig. 2) . The P max and leaf N content also differed significantly between sampling dates (P max : F = 126, P<0.001; leaf N: F = 195, P<0.001). However, the seasonal trajectory of the temporal variation in P max differed from that of the leaf N content. P max increased from June to November, then decreased until February, and increased thereafter (Fig. 1C) . The leaf N content decreased from June to August, then increased until November, and decreased gradually thereafter (Fig. 1D) . As a consequence, the slope of the linear regression between P max and leaf N content differed significantly between sampling dates (F = 12.50, P<0.001). The linear regression between P max and leaf N content tended to converge toward a single line segment from July to January and in May (Fig. 2) . Pooled data for these eight sampling dates yield a linear equation of y = -3.16 + 3.17 x, r = 0.843, P<0.001, representing a more gentle slope than that of C. japonica (y = -5.81 + 4.50 x, Kobayashi et al. 2010) , obtained from similar sampling period (August, October, November, December, and April). The slope of linear regression between P max and leaf N content of C. obtusa was significantly lower than C. japonica for data pooled for August and October (F = 4.66, P<0.05) . The slope of the P max -N relationship reflects the sensitivity of tree growth to nitrogen nutrition. Photosynthesis (Nagasaki and Gyokusen 2006) and whole plant biomass (Nagakura et al. 2005) of C. obtusa are less sensitive to nitrogen nutrition than those for C. japonica. Thus, the gentler slope of C. obtusa may reflect species differences in nitrogen nutrition requirements between C. obtusa and C. japonica. A pronounced decrease in the slope of the linear regression lines was observed below the converged line segment in June, February, March, and April. These reductions in P max did not accompany a reduction in leaf N content. An obvious shoot elongation was observed in C. obtusa in June (Fig. 1B) . Therefore, we conclude that the leaves of C. obtusa were not yet functionally developed, and that high photosynthesis could not be attained in June. P max in C. obtusa might be reduced due to low temperatures in February and March (Fig. 1A) , the same as in C. japonica . During this period, P max declined to nearly a quarter of its maximum potential, as estimated from the equation for the converged line segment, and recovered to just half of its maximum in April. In contrast, P max of C. japonica fell to only half of its maximum in winter . Furthermore, P max of C. japonica recovered to its maximum in early April. Takase et al. (2010) measured P max in C. obtusa and C. japonica during winter. They demonstrated that winter depression in P max was greater in C. obtusa than in C. japonica. Furthermore, they reported that P max of C. obtusa required a longer recovery period than C. japonica from winter depression in spring. Our study is consistent with their results. These facts suggest that C. obtusa is less tolerant to low temperatures than C. japonica. We have no definite information as to why P max was lowest in February rather than January, when the mean monthly air temperature was lowest (Fig. 1A,C) . The precise process of cold acclimation in C. obtusa is less known than for C. japonica (Hashimoto and Suzaki 1978 , Tange 1996 , Han et al. 2003 , 2004 , and further study is necessary.
